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Problem 
• Contact failure of metal-contacting micro-
electromechanical system (MEMS) switches 
• Every cycle the contacts are physically 
brought together and pulled apart – 
resulting in contact wear  failure 
 
Aims 
• Develop reliable electrical contacts for 
MEMS switches 
• Investigate and understand failure 
mechanisms 









Switching mechanism between gold coated sphere 
and gold coated CNT composite surface. 
Electrical conduction is through the gold film; the 
MWCNT-forest is used for its mechanical properties 
Au-coated cantilever beam 
Deliverables 
• Metal-contacting MEMS switch with 
lifetime: >108 cycles (load current: >10 
mA; load voltage: 4 V) 
• Developed theory/understanding of 
material transfer in conducting thin film 
contacts 
• Optimised CNT composite surface 
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Illustration of switch setup 








• Transparent flat plane moves 
up and down exerting load on 
spring mounted sample 
• Real contact area measured by 
laser surface profiler  
• Force measured by force 
sensor at sample base 
  Contact force versus real 
contact area 
Results from laser scanner show 
flattened peak at glass height 

































































Predicted data Experimental data Fine transfer model 
The schematic of the PZT test rig 
Four stages of the contact resistance (Rc) and 
the number of bounces (Bc) behaviour 
20 mA  50 mA 
Fine transfer model: Vfine = 4.78 x 10-11I2  
• Au/Cr-Au/MWCNT  contact  pair  survived 
>180  million  cycles  (load  current:  50  mA, 
contact force: 1 mN) 
• Failure  attributed  to  fine  transfer 
mechanism leading to delamination 
• Material  transfer  from  Au-MWCNT 
surface  (anode)  to  the  Au/Cr  ball 
(cathode) 
• Trend of Bc and Rc can be used to predict 
the lifetime 
• Failure  of  Au/MWCNT  surfaces  can  be 
predicted  using  the  empirical  relationship 
(fine transfer model) for the stable stage 
Fine transfer model and experimental data 
for lifecycles of stable stage. Arrows link to 




































Bouncing behaviour during closing 
process in ‘rising’ stage 
MEMS Switch 
• Designed and fabricated 
electrostatically-actuated 
cantilever beam, dimensions: 
• Length:    10 mm 
• Width:      2 mm 
• Thickness:  20 µm 
 
Typical Switching Graphs 
• Modelled using CoventorWare 2012 
• Pull-in voltage:  ~16 V 
• Resonant frequency: ~250 Hz 
Modelling and Characterisation 
Aims of modelling: 
• Model contact behaviour and material 
transfer for Au/MWCNT composites 
• Characterise and analyse mechanics of 
the CNT array 
• Characterise failure mechanisms of 
Au/MWCNT surface 




• Rig designed to investigate 
relationship between the natural 
compliance of the  Au/MWCNT and 
the contact area 
• Nano-indentation used to characterise 
the physical properties of the surface. 
• Mathematical and thermodynamic 
considerations are being applied to 
material transfer 
 
Real Contact Area Experiment 